The objective of this work is to analyze the effectiveness of two widely used methods for collecting aquatic macroinvertebrate samples: the semiquantitative kick and sweep (K&S) and quantitative Surber net (SN) techniques. Based on our data, the methods were fully comparable as regards analysis of the macroinvertebrate metrics most often used in ecological status assessment (sensitivity/tolerance parameters), while K&S was found to be more successful in the evaluation of biodiversity. Thus, both methods could be used for routine monitoring of the status of water bodies, according to the recommendation of the EU Water Framework Directive, while for research, K&S is more advanced. K&S is also more effective timewise for material collecting. SN sampling is a quantitative method and could thus be used in studies of aquatic ecosystem productivity.
INTRODUCTION
Aquatic macroinvertebrates are among the most frequently used biological quality elements in the assessment of the ecological status of water bodies [1, 2] according to the requirements of the EU Water Framework Directive [3] . Selecting an appropriate sampling technique is a prerequisite for effective research and a reliable monitoring of the status of aquatic ecosystems. Sampling success significantly influences the overall results of a study, since it affects the number of species identified by the investigation, the proportion of different species groups per sample or target location [4] [5] [6] , as well as proportions of indicator organisms. Thus, our capacity to detect species richness of a target water body or to discover some rare species depends not only on the sampling design, but also on the resulting indices which are used to assess water status and that significantly rely on the choice of effective sampling techniques. Limitations in the resources for monitoring and research (both financial and expert) have made the need for an effective methodology for collecting biological samples all the more important. The effectiveness of macroinvertebrate sampling and standardization of methodology has been extensively studied [7] [8] [9] [10] [11] [12] , but the issue remains open, especially in respect to some water types, such as large fluvial systems [13] . Sampling technique standardization is also important for studies on the relationship of biota and environmental factors, including analyses of the influence of single and multiple stressors on aquatic macroinvertebrates assemblages [14] .
In order to contribute to the process of selection of appropriate sampling technique, we compared two widely used techniques of collecting macroinvertebrate samples in a wadeable hilly and mountainous stream: the semiquantitative kick and sweep technique (K&S) and the quantitative Surber net (SN) method [15] .
MATERIALS AND METHODS

Sample collection
The material used in this study was collected in period 2005-2012 in different hilly and mountainous watercourses in Serbia. A total of 40 sites on 17 watercourses was sampled using two sampling techniques in parallel: the semiquantitative K&S technique using a standard hand net with mesh size of 500 µm, and a quantitative sampling using a SN with the same mesh size and 25x25 cm frame. The time needed for sample collection was measured using a stopwatch for 100 sampling occasions (50 for K&S and 50 for SN sampling). The K&S sampling technique was used in the shore region up to a 1.5-m water depth following the respective standard [16] and multihabitat procedure. The same sampling effort was made on each sampling occasion. About 100 m of the watercourse was taken into consideration for data collecting (visual assessment of dominant bottom substrate, evaluation of mean depth and width of the stream, assessment of shadow coverage, etc.) and sampling. Multihabitat sampling involves the assessment of available habitats within a sampling stretch and collection of material from at least 5% of accessible habitats [17] .
Quantitative sampling with SN was done along the same sampling stretch as in the case of K&S. Each sampling occasion involved five subsamples, thereby providing a sample of 5 replicates with a surface area of 3.125 cm 2 (0.3125 m 2 ). Subsamples were collected from dominant substrate types in order to provide a representative sample for the stretch.
The visual classification of bottom substrate by particle size was performed using the following scale: 1) fine substrate (silt-clay and very fine sand; grains imperceptible by eye; <0.125 mm), 2) fine sand (grains perceptible by eye; 0.125-0.5 mm), 3) coarse sand (0.5-2 mm), 4) gravel (2-16 mm), 5) pebble (16-34 mm), 6) cobble (64-256 mm), and 7) boulder (>256 mm) [18] .
Data analysis
The initial dataset comprised 400 samples, of which 230 were collected by the K&S technique and 170 by the SN method. To reduce any error that may be caused by analyzing data from different watercourse types, only samples collected from sites with a domination of coarse bottom typeclasses 5-7 based on visual bottom substrate assessment, were included in the analyses. In such a way, the dataset covered the type group of hilly and mountainous small-to medium-sized streams with a domination of hard bottom substratetypes 3-5 according to Serbian typology of running waters. Thus, in the second step of analyses, 243 samples were included (133 collected by K&S and 110 by SN).
In the next step, out of 243 samples, 93 were selected (55 by K&S and 38 by SN) by the elimination of sites exposed to moderate to high anthropogenic pressure, and thus involved only the data from sites that were pre-assessed as possessing a good and better ecological status. This step was done to minimize the influence of stress factors on output results. Pre-assessment of ecological status (as identified in the EU Water Framework Directive [3] ) was done based on previous studies [19] , using the criteria described in Table 1 .
For comparison of sampling techniques, the following biological metrics were used: 1) relative abundance parameters (total abundance of the community, abundance of principal macroinvertebrate taxa groups, all expressed as number of individuals per sample); 2) diversity parameters (total number of species, genera and families per sample, number of species in principal macroinvertebrate taxa groups, number of Ephemeroptera, Plecoptera and Trichoptera taxa -EPT Index, Shannon Diversity Index [20] ); 3) functional traits (percentage share of functional feeding groupsconcept introduced by Cummins & Klug [21] , and participation of taxa with defined saprobic preference); 4) number of sensitive taxa, as well as widely used indices, or tolerance/intolerance measuressaprobic index [22] , biological monitoring working party (BMWP) score and average score per taxon (ASPT) [23] . The complete list of tested parameters is given in Table 2 .
All mentioned parameters were calculated using the ASTERICS Software Version 4.0.4. For the assessment of statistical differences between results obtained by the two sampling techniques, the nonparametric Mann-Whitney U test (MW-U-Test) was used. FLORA Statistical software [24] was used for the data processing.
RESULTS
Of the material collected, 478 species of aquatic macroinvertebrates were identified in the investigated hilly and mountainous watercourses. Insects were the most diversified with 343 species belonging to 272 genera and 120 families. Trichoptera, Diptera and Ephemeroptera were found to be the principal components of macroinvertebrate communities with 92, 82 and 64 species, respectively. The number of species per macroinvertebrate taxa-groups is presented in Table 3 .
Among identified species, organisms that indicate oligo-and beta-mesosaprobic conditions prevailed (35.39%), while alpha-and polysaprobic indicators were represented with 11.25%. For more than 50% of organisms, there were no data on saprobic preference. In respect to feeding preference, scrapers/grazers, collector-gatherers and predators were almost equally represented in the communities, with 21.39, 23.27 and 23.26% of the total number of detected species, respectively.
All together 45 metrics out of numerous calculations provided by the ASTERICS Software Version 4.0.4 were used for comparison of effectiveness of the two sampling approaches. Based on the MW-U-test results (Table 2), the following metrics showed statistically significant difference (p<0.05) when the two sampling techniques were analyzed: total number of individuals, number of individuals of Crustacea, Ephemeroptera and Diptera, total number of taxa, number of Crustacea, Ephemeroptera and Diptera species, as well as number of families ( Fig. 1 ). In addition, the share of shredders identified by the two sampling techniques was significantly different. The other metrics, including the widely used tolerance/intolerance measures (saprobic index) [22] , BMWP score and ASPT [23] did not show differences between the sets of samples. After the reduction of the dataset, when only samples collected from sites that have been pre-assessed as to having high or good status (93 samples; 55 collected by K&S and 38 by SN), we obtained similar results using the MW-U-test for comparison of the effectiveness, with the same set of metrics showing statistically significant difference, as well as number of individuals and number of Coleoptera taxa.
The results of time effectiveness are presented in Table 4 . The time needed for the collection of data on the sampling sites (bottom substrate, stream width and depth, the level of hydromorphological degradation, etc.) was not taken into consideration, but only the sampling collection, reduction of sample volume (by elimination of coarse debris), sample packing and fixation. As can be seen from the measurements, SN sampling was much more time-consuming in comparison to the K&S technique.
DISCUSSION
The effectiveness of the K&S sampling method is very often underestimated. One of the major shortcomings of this approach is that it is often considered as qualitative [8] , whereas the technique also allows for a semiquantitative approach (in defined time interval, or applying "the same sampling effort"), thus providing the data that are comparable along spatial and temporal gradients. Additionally, the sampling and processing of material collected by K&S are less time consuming in compare to other procedures, e.g. the Polyp grab [4] , airlift sampling [25] or a detailed AQEM procedure [17] . Our data showed that K&S semiquantitative sampling in more effective in comparison to SN sampling as regards general taxa richness and taxa richness within the principal components of the benthic communities in the type of watercourse covered by the studysmall-to medium-sized streams with predominantly coarse bottom substrate. On the other hand, the metrics widely used for status assessment across Europe [1] belonging to the group of sensitivity/tolerance metrics, did not show significant differences in the resulting values based on the material collected by the two different sampling techniques. In that K&S was more effective in detecting the composition of the macroinvertebrate fauna, and that the tested sampling techniques were found to be of the same efficiency in respect to the mentioned metrics, indicates that both techniques are applicable in the routine monitoring of ecological status, but K&S is a better solution for investigative studies aimed at collecting information on taxa richness. Based on the data presented, the two methods are comparable in respect to sensitivity/tolerance metricse.g. saprobic index [22] , BMWP and ASPT [23] . Similar results were obtained by comparing K&S with U-net sampling devices [26] , where the methods were found to be similar in the values of benthic metrics and community composition. According to Brua et al. [26] , U-shape net sampling provided slightly better data on diversity and thus the authors recommended this technique for biodiversity studies, despite the more time needed to complete sampling. It should be emphasized that K&S is much more efficient timewise than SN sampling, which is reflected in its economic effectiveness.
The advantage of the SN method is that it provides quantitative data, which is important in when dealing with the productivity of aquatic ecosystems, or if the aim of the research is to assess food availability for benthivorous fish, for example.
The selection of the most appropriate method to sample aquatic macroinvertebrates always depends on the particular goals, and there are several unanswered questions in this respect. Our study tried to answer a specific question regarding two widely used sampling methods for collecting appropriate faunistic information in small hilly water courses around Serbia. 
